The extraction and recovery of cadmlumflf) via a hollow fiber supported liquid membrane (HFSLM) containing D2EHPA as a carrier dissolved in kerosene. The various effects on extraction and recovery cadmium were studied pl-I of feed phase, concentration of extractant and pH of stripping phase. The extraction and recovery of cadmium by using the hol.low fiber supported liquid membrane method were 97% and 57%, respectively The transport of cadmium ions was achieved by driving force of the concentration gradient;-The behavior of extraction and/or recovery in HFSLM could be demonstrated in masstransfer coefficient among feed phase, membrane phase and stripping phase. Determining the limiting step controlling the mass transfer of cadmium ion used the permeability coefficient.
INTRODUCTION
The cadmium was used many industries [1] such as metallurgy, electroplating, pigmenting, nuclear industry and in the fabrication of Nl-Cd batteries. The poisons and many utilities of cadmium have been well recognizee! about the negative effect on the environment it accumulated in living systems. The health effects are well documented and reported such as renal disturbances, lung insufficiency, bone lesions and cancer in humans, causing nausea, salivation, diarrhea and muscular cramps [2, 3] . Due to many health effects of cadmium, WHO recommended guideline concentration in drinking water for 0,005 mg Cd/L [3J and water reuse for 0.01 mg Cd/L [4] .
The pollution of cadmium came mainly from industry, This work concerned to determine the factors affecting the extraction and recovery ofcadmium ions by using cadmium sulphate of wastewater from zinc mining. General in sulphate solutions, the zinc contains cadmium 0.5 to 1.5 percent [5] ; therefore, the amount of cadmium is concerned by zinc. For this reason, the work chose the wastewater from the zinc mining, which used sulfuricacid to dissolve the zinc ions. Hence, the mixed cadmium is formed in cadmium sulphate solution.
It is challenging to extraction and recovery metal ions from wastewater because the ions can be treated and reused simultaneously. It is found from many previous literatures that extraction and/or recovery of cadmium ions are almost the basic of research such as the solvent extraction and absorption [6, 7] . These S. Treephaiboon, U. Pancharocna & A. Vi!. Lothongkumb methods have many limitations. The selective and the extraction rate ofsolvent extraction are very low, so the extractant and the reaction area are much needed for the solvent extraction. Moreover, the operating cost for absorption is very high because of the high price of absorbent and the need of changing or regenerating when it is deteriorated. There is abundant demand of reusing cadmium because of its many utilities but these methods cannot recovery cadmium ions. Membrane is an alternative method for simultaneous extraction and recovery of cadmium ions. Moreover, the 'operating cost is cheaper and the amount of extractant used is less than other methods because of its high selectivity and masstransfer area [8, 9] . Another advantage of membrane is that it can extract metal ions at low concentration, i.e. from ppb to ppt [10] , is easy to scale up [11J and apply for using in industrial [12J.
This .wcrk focuses to study the separation and recovery of cadmium(II) in sulphate media from wastewater through the hollow fiber supported liquid membrane using di-2-ethylhexyl phosphoric acid (D2EHPA) as a carrier and kerosene as a solvent. The mathematical models of HFSLM for each reaction step show the description, the extraction equilibrium, the mass-transfer and permeability, coefficients. Many parameters affecting the extraction and recovery are, for example, pH's of feed phase, concentrations of extractant and stripping phase. The mass-transfer coefficient of cadmium ions was determined by using the permeability coefficient.
THEORY
The membrane system is composed of three important phases: feed, membrane, and stippping phases. The first, feed phase, brings the extract ions from feed to the feedmembrane interface. The next phase is the membrane phase which is in the middle of feed and stripping phases. The complex ions between the extractant and the ions occur at the feed-membrane interface. 'Ihe complex ions then diffuse into the membrane phase.The last phase, stripping phase, receivesthe metal ions which have reacted in the membrane phase by reacting, at the membrane-stripping interface, with the complex species which diffuse to this interface by the concentration gradient between feed and stripping phases.
The cadmium ions in feed phase appear as cation (Cd 2 +) in sulphate media, and the feed solution is prepared from synthetic 3CdS0 4.8I-120. The organophosphorus extractant is a good choice for extraction due to the basic properties of the oxygen atom [6] . This extractant has been widely used for separation and/or recovery of Cd(II) from sulphate solutions [6, 7J, The method of cadmium ion complex occurs between cadmium ion and extractant.The monomer is occurred metal ions and organic at interface, method of cadmium complex showed below: The percentage of extraction and recovery was determined as:
HA is the extractant. The overall extraction process is governed by [7J:
fiber arc shown in Table 1 [8], and the appeamnce is shown in Fig. 2 . The flow rate was controlled by using two pumps for feed and stripping phase, respectively.
Table1 Properties of hollow fiber module

Property Description
Material Polypropylene Number of hollow fibers(N) 10,000 Inside diameter of hollow fiber (urn) 240
Outside diameter of hollow fiber (urn) 300 Pore size (urn) 0,05 Porosity (%) 30% Effective surface area (rn-) 1,4 Area per unit volume (m 2!m3 ) 29.3
Module dimension (diameter (em) x 6.3 x 20.3 length (cml) Maximum pressure (kg!ern") 4.2 Temperature rang ('C) 1-60 Tortuosity factor 2,6
(6)
2(I-IA)
ca- The influence of H 2S0 4 concentrations in the feed phase solutions on the percentage of extraction cadmium was studied in the pH 'range of 1.5 to 7 for each extractant.The results were shown in Fig. 8 . 1hc extractant, D2EHPA, can extract cadmium ions better than Cyanex 923 in this pl-I range, because availability ofmore and more extractant in dissociated form to form the neutral complex and also in agreement with the complexing ability of the extractants with Cd [9] . The highest extraction of cadmium ions at pH 5.5 by using using Kendel and Monroe equation [11] .lhe excellent representations for .the estimation of mixture viscosity were shown in Table 3 . Table 3 The distribution coefficient (D) of cadmium and the viscosity of D2EI-IPA in kerosene at the range of 0.05 to 0.22 molars 
The Effects of Carrier Concentration in Membrane Phase
The effects of carrier concentration on the percentage of extraction were observed. The extraction of cadmium ion was formed with difference D2EHPA concentration, the concentration ranges from 0.005 to 0.22 molar in the membrane phase. The results were shown in Fig. 9 . The concentration ofD2EHPA was important in the extraction percentage of cadmium ions in the feed phase. Increasing the concentration of carrier from 0.005 to 0.12 molar enhances the percentage of extraction cadmium ions immediately according to Le Chatelaine's principle. The optimum concentration for extracting cadmium ion was about 97%. When the concentration was over 0.12 molar, the percentage· of extraction decreased. With highly increasing in the concentration of carrier,the percentage ofextraction was low because of the increasing viscosity of membrane phase. The viscosity and diffusivity were reversely correlated as shown in Eq. (13).The diffusion coefficients iri water were estimated by using the Wilke-Chang method [10J as shown in Table 3 . The viscosity ofD2EHPA in kerosene can be estimated by D2EHPA and Cyanex 932 were 98.57% and 14.35%, respectively.It was observed the pH in feed phase had the strong effectson extraction cadmium ions.Thus, the appropriate pH of peed phase is necessary for forming of an anionic complex of cadmium. The extraction reaction of cadmium ions is showed in Eq. (6). (13) (14) where D",is the diffusion coefficient at membrane phase (cmvs), M is the molecular weight, T is the absolute temperature (K), 17 is the viscosity of water (cP), and is the molar volume of contaminant (cmvmolar).
Effect of Stripping Phase Concentration
The concentration ofsulfuric acid (H 2S04 ) was studied. The concentrations were varied from pH 6 to 1 as shown i.nFig.lO.The percentages of cadmium stripping decreasedfrom pH 3 to pH 6,and the other percentages of recovery were essentially constant. The highest recovery was 57% at pH3. The transport of cadmium ions in couple-facilitated counter-transport was due to the driving force of the concentration gradient of H+ [12] . The initial H+ of feed phase was nil, it was observed from pH 3 of HzSO 4 which was enough for the stripping reaction of cadmium ions. The estimation of extraction equilibrium constants (X,,) of cadmium ions extracted byD2EHPA can be described by Eq (14), and from the plot of [CdA,(HA) 
where P is the permeability coefficient (cm/s), k i is the mass-transfer coefficient of feed phase, r, is the inner radius of hollow fiber {em), rim is the log-mean radius of hollow fiber, and Pm is the membrane permeability coefficient.
1he permeability coefficient (P) was determined by
Denesi [14] :
where Vj is the volume of the feed (ern"), G l o is the cadmium concentration at time 0 (mol/L), c,is the cadmium concentration at time t (mollL), A is the effective area of the hollow-fiber module (cm-), t is the time (min), Qfis the volumetric flow rate of feed solution (cmvs), L is the length of the hollow fiber (em), E is the porosity of the hollow fiber (%),N is the number of hollow fiber in the module. f i is the internal where K", is the mass-transfer coefficient of the membrane. Therefore, the mass-transfer rates through a hollow fiber supported liquid membrane can be' arranged as: 
CONCLUSION
The best condition for extracting cadmium ions were as follows: D2EHPA was used as a carrier, the pH of feed phase was 5.5, the concentration of extractant was 0.12 molar, and the pH of stripping phase was 3. The maximum extraction and recovery of cadmium ions were 97% and 57%, respectively. The mass-transfer coefficients of feed phase (K) and membrane phase (K",) were 2.64x10-2 and 6,41xlO-5 ern/a, respectively.
The mass-transfer-controlling step was, therefore, the diffusionof cadmium ions through the membrane phase. j j j j j j j j j j j j j j j j j j j j j j j j
